As an endangered species in Thailand, wild animal species of the jungle cat (Felis chaus) was selected for karyological study. Blood samples were taken from 2 males and 2 females. After the standard whole blood lymphocyte culture in the presence of colchicine, the metaphase spreads were performed on microscopic slides and air-dried. Conventional staining, G-banding and high-resolution staining technique were applied to stain the chromosomes. The results showed that 2n (diploid) of jungle cat was 38, and the fundamental number (NF) was 72 in the male and female. There are 6 autosome types: A type had 6 large submetacentric chromosomes, B type had 8 large acrocentric chromosomes, C type had 4 large metacentric chromosomes, D type had 8 small submetacentric chromosomes, E type had 6 small metacentric chromosomes and F type had 4 small telocentric chromosomes. A pair of the short arm of chromosome E1 (chromosome pairs 14) showed a clearly observable satellite chromosomes. The X chromosome was medium submetacentric chromosome and the Y chromosome was the smallest submetacentric chromosome. From the G-banding and high-resolution staining technique, the number of bands and locations in the jungle cat was 167 and 183 respectively, and each chromosome pair could be clearly differentiated. We found that chromosomes B1, B2, D1, D4, E3, F2 and X chromosome patterns were according to the domestic cat (Felis catus) chromosomes. Chromosomes A1, A2, A3, B3, B4, C1, C2, D2, E1, E2, F1 and Y-chromosome are similar to those of the domestic cat. These results show the evolutionary relationship between the jungle cat and domestic cat. The karyotype formula for the male and female jungle cat is as follows: 2n (38) 
Thailand is a country with high biodiversity, resulting from its varying ecosystem and forests. It has been estimated that there may be up to 100,000 wildlife species in Thailand as well as many unknown plant species. Unfortunately, rushed economic development and social welfare has led to vast destruction of Thailand's forests and wildlife resources. Many wildlife species have become extinct due to loss of habitat, hunting for food, trade and export. One such example is jungle cat (Felis chaus), whose number are rapidly deteriorating. Their present rarity causes great difficulty in obtaining blood samples for cytogenetic studies as well.
The Jungle cat is a member of the family Felidae. The family has only 9 species of 6 genera in Thailand (Lekagul and McNeely 1977 , 1988 , Par et al. 2003 . The jungle cat is a small wild cat that is widespread throughout Asia, from the delta of the Volga River south to Palestine, east through India, Nepal and Burma to Thailand and Indochina. The common characteristics of the jungle cat are: the pelage varies from light ashy gray to yellowish brown, with the hair of the under parts lighter and longer. It lacks stripes or spots on the body, but there are two bars on the inner side of the forelimbs and numerous bars and spots on the outside of all four legs (Lekagul and McNeely 1977, 1988) (Fig. 1) .
There are several reports on cytogenetic studies of the family Felidae included Makino and Tateishi (1952) , Thuline and Norby (1961) , Ohno et al. (1962) , Hsu et al. (1963) , Matano (1963) , Chu et al. (1964) , Hus and Rearden (1965) , Benirschke and Low (1966) , Leyhausen and Tonkin (1968) , Sutton (1968) , Wurster and Benirschke (1967 , 1968a , 1968b , Hard (1968) , Wurster (1969) , Milosevic et al. (1972) , Wurster-Hill (1973) , Wurster-Hill and Meritt (1974) , Yang et al. (2000) , Nie et al. (2002) , and Keawmad et al. (2007) . Our knowledge, cytogenetic study of the jungle cat, Felis chaus (Carnivora, Felidae), can be a useful information for the conservation of family Felidae in Thailand.
Materials and methods
Blood samples of 2 males and 2 females jungle cats were collected from Songkla Zoo, Thailand and then applied for cytogenetic studies by lymphocyte culture of whole blood samples. The culture cells were treated with a colchicine-hypotonic-fixation-air-drying technique followed by conventional staining, Gbanding and high-resolution staining tech- Campiranon 2003) . Twenty cells of each individual chromosome checks, length measurements, karyotyping and idiograming were accomplished by using a light microscope as previously described (Chaiyasut 1989 , Keawmad et al. 2007 .
Results
Karyological study of the jungle cat using lymphocyte revealed that the chromosome number is 2n (diploid)ϭ38 and the fundamental number (NF) is 72 in male and female. The autosomes of the jungle cat composed of 6 types: A type had 6 large submetacentric chromosomes, B type had 8 large acrocentric chromosomes, C type had 4 large metacentric chromosomes, D type had 8 small submetacentric chromosomes, E type had 6 small metacentric chromosomes and F type had 4 small telocentric chromosomes. A pair of the short arm of chromosome E1 (chromosome pairs 14) showed a clearly observable satellite chromosomes. The X chromosome was a medium submetacentric chromosome and the Y chromosome was the smallest submetacentric chromosome (Figs. 2, 3,  4) .
The important chromosome marker of the jungle cat is the asymmetrical karyotype, in which all 4 types of chromosomes are found (metacentric, submetacentric, acrocentric and telocentric chromosome). The data of the chromosomal checks on mitotic metaphase cells of the jungle cat are show in Tables 1 and 2 . The largest and smallest chromosomes show large size difference (approximately 5 fold). The largest chromosome is submetacentric chromosome, while the second largest chromosome is acrocentric chromosome and the Y-chromosome is the smallest submetacentric chromosome (Figs. 2, 3, 4) . The G-banding by the conventional and high-resolution technique revealed that the number of G-bands per haploid set, which includes autosomes, X and Y chromo- somes, is 167 and 183, respectively (Figs. 5, 6 ).
Comparison of chromosome banding pattern between the jungle cat and the domestic cat (Felis catus) revealed that 7 chromosome pairs show the same pattern (pairs B1, B2, D1, D4, E3, F2 and X-chromosome) and 12 chromosome pairs share similarities (pairs A1, A2, A3, B3, B4, C1, C2, D2, E1, E2, F1 and Y-chromosome) (Fig. 7) . This indicates that there is an evolutionary relationship between the jungle cat and the domestic cat. Figure 5 shows the idiogram for the jungle cat from the G-banding technique, while Figure 6 shows the idiogram from the high-resolution staining technique with landmarks, bands and sub-bands. The karyotype formula for the jungle cat is as follows: 2n (38) 
Discussion
Karyological study of the jungle cat using lymphocyte culture revealed that the chromosome number is 2nϭ38. This result agrees with the previous studies by Wurster-Hill and Gray (1973) indicating that a member of the jungle cat family has 2nϭ38. This corresponds to 2n for the member of the family Felidae according to reports in puma (Felis concolor), Canadian lynx (F. lynx), snow leopard (Uncia uncia), jaguarondi (F. yagouaroundi), cheetah (Acinonyx jabatus jabatus), serval (F. serval), fishing cat (F. viverrina), Asian leopard cat (Prionallurus bengalensis), bob cat (Lynx rufus), marbled cat (F. marmorata), European wild cat (F. silvestris), black footed cat (F. nigripes), leopard (Panthera pardus), tiger (P. tigris), domestic cat (F. catus) and ocelot (F. pardalis) (Makino and Tateishi 1952 , Thuline and Norby 1961 , Hsu 1962 , Hsu et al. 1963 , Hsu and Rearden 1965 , Ohno et al. 1962 , Matano 1963 , Chu et al. 1964 , Benirschke and Low 1966 , Leyhausen and Tonkin 1968 , Sutton 1968 , Hard 1968 , Wurster and Benirschke 1967 , 1968a , 1968b , Wurster 1969 , Milosevic et al. 1972 , Wurster-Hill and Meritt 1974 , Keawmad et al. 2007 . However this number differs from the chromosome number of Geoffroy's (F. geoffroyi) and Marguay (F. wiedi) which is 2nϭ36 (Hsu 1962 , Hsu et al. 1963a . The autosomes of the jungle cat can be separated to 6 types: A type has 6 large submetacentric chromosomes, B type has 8 large acrocentric chromosomes, C type has 4 large metacentric chromosomes, D type has 8 small submetacentric chromosomes, E type has 6 small metacentric chromosomes and F type has 4 small telocentric chromosomes. The result agrees with the previous studies by Wurster-Hill and Gray (1973) indicating that a member of the jungle cat family had 6 types of autosome: A type had 6 submetacentric chromosomes, B type had 8 acrocentric chromosomes, C type had 4 metacentric chromosomes, D type had 8 submetacentric chromosomes, E type had 6 metacentric chromosomes and F type had 4 telocentric chromosomes. The NF of the jungle cat is 72 in male and female. For the sex-chromosomes, the X chromosome was medium submetacentric chromosome and the Y chromosome was smallest submetacentric chromosome. This result agrees with the previous studies by Wurster-Hill and Gray (1973) . The comparison of the jungle cat X and Y chromosomes to those of the domestic cat indicated that the X chromosome was the medium submetacentric chromosome and the Y chromosome was the smallest submetacentric chromosome (Thuline and Norby 1961 , Ohno et al. 1962 , Matano 1963 , Chu et al. 1964 , Hsu and Rearden 1965 animals in family Felidae in Thailand namely, leopard (P. pardus) found that X and Y chromosome were submetacentric and subtelocentric chromosomes (Hsu et al. 1963) and clouded leopard (Pardofelis nebulosa) found that X and Y chromosomes were submetacentric chromosomes in this species (O'Brien et al. 2006) . From this study, the jungle cat had the chromosome marker at the short arm of chromosomes E1 (chromosome pairs 14) that was a satellite chromosomes with nucleolar organizer regions (NORs). This result agrees with previous reports about the chromosomes E1 of animals in the family Felidae having a satellite chromosomes (Makino and Tateishi 1952 , Thuline and Norby 1961 , Hsu 1962 , Hsu et al. 1963 , Hsu and Rearden 1965 , Ohno et al. 1962 , Matano 1963 Cytologia 73(1) A. Tanomtong et al. 1964, Benirschke and Low 1966 , Leyhausen and Tonkin 1968 , Sutton 1968 , Hard 1968 , Wurster and Benirschke 1967 , 1968a , 1968b , Wurster 1969 , Milosevic et al. 1972 , Wurster-Hill and Meritt 1974 , Keawmad et al. 2007 ). The G-banding by the conventional and high-resolution staining techniques revealed that the number of G-bands on one set of haploid, which includes autosomes, X and Y chromosomes, is 167 and 183, respectively. In a domestic cat, there are 317 bands on one set of haploid chromosomes (Yang et al. 2000) . Our present study showed a lower number of bands compared with previous studies because only clearly observable bands of the chromosomes were counted.
Comparison of chromosome banding patterns between the jungle cat and the domestic cat (Nie et al. 2002) revealed that seven chromosome pairs show the same patterns (pairs B1, B2, D1, D4, E3, F2 and X chromosome) and twelve pairs share similarities (pairs A1, A2, A3, B3, B4, C1, C2, D2, E1, E2, F1 and Y chromosome). This indicates that there is evolutionary relationship between the jungle cat and the domestic cat. For further studies, more information about genetic differences is needed which may be accomplished by using molecular biology or molecular genetics.
